SUMMARY Studies of the expression of selected genes within the intestinal mucosa will provide important new information about physiologic and pathological processes that effect mucosal growth, differentiation, and function. To study gene expression in the gut, we developed a method to obtain sufficient undegraded RNA from human endoscopic intestinal biopsy specimens for Northern and slot blot analysis. To verify the method, we examined the differential expression of HLA class II genes in small intestinal mucosa. Levels of RNA transcripts for HLA-DR, -DP, and -DQ a and i chains were assessed in freshly isolated endoscopic intestinal mucosal biospy specimens and compared with levels in Epstein-Barr virus transformed B cells from the same individuals. Sufficient undegraded cellular RNA with distinct 28S and 18S ribosomal bands could be obtained from as few as two 2-3 mm endoscopic biopsies. Using chain and locus specific cDNA probes, HLA-DR, -DP, and -DQ subregion genes were shown to be expressed in intestinal mucosa, with the relative magnitude of RNA transcripts being DR>DP>DQ. The same hierarchy of expression was seen for EBVtransformed B cell lines. This method, in conjunction with the polymerase chain reaction for amplifying specific RNA transcripts and in situ hybridisation methods for the cellular localisation of RNA transcripts, will enable studies on the regulation of gene expression in the intestinal mucosa.
The differential expression of genes within the intestinal mucosa determines normal and pathological development and function in the gut. Nonetheless, it has been difficult to study gene regulation in human gut because of difficulty in obtaining sufficient quantities of tissue and a lack of appropriate in vivo or in vitro models.
Human HLA class II genes are located in the HLA-D region of the major histocompatibility complex (MHC) on chromosome 6 Figure 1 . A representative Northern blot, using RNA from intestinal biopsies or EBV-transformed B cell lines from the same individuals and hybridised with HLA class II a chain probes, is shown in Figure  2 . Intestinal biopsies and the EBV B cell lines expressed high levels of DR-ct transcripts. Similarly, DP-ca transcripts were highly expressed in intestinal biopsy specimens and EBV cell lines. RNA transcripts for DQ-ct were expressed at a lower level both in the intestinal biopsies and EBV cell lines. Parallel results were obtained for HLA-DR3, DPP3, and DQP3 chains (not shown). Among the HLA class II RNA transcripts, three different patterns were observed; a single RNA band was seen for DR-and DP-ct (1.5 kb) (Fig. 2) and DR-U and DP-1 (not shown). Two bands were seen for DQ-,3 (1.3 kb and 1-7 kb) (not shown) and three bands were seen for DQ-et (P 3, 1-5, and 1-7 kb) (Fig. 2) . Polymorphism in the size of DQ-ct RNA transcripts is known to correlate with the 28S Fig. 1 Slot blots containing two-fold serial dilutions of total RNA from each biopsy specimen hybridised to the HLA-DR, -DP, and -DQa cDNAs are shown in Figure 3 . When normalised to the a-tubulin signal, the hierarchy of signals was DR>DP>DQ for both and P chain transcripts.
Discussion
Sufficient undegraded cellular RNA for Northern and slot blot analysis can be isolated from as few as two small intestinal endoscopic biopsy specimens.
The reproducible success of this procedure was at first surprising, given the problems we anticipated from RNA degradation by cellular RNAses in that site. In fact, our initial attempts to obtain RNA using a single step extraction method5' were not successful. Our success with the method reported herein appears to depend on the rapid transfer of biopsy specimens to guanidinium isothiocyanate, the use of small volumes, and care to avoid contaminating RNAses during harvesting of samples from the CsCl gradients.
To verify the utility of our method, we examined HLA Class 11 
